SL-TNG Simulation Activity: Flow of Energy in Ecosystems
Activity time: 1.5 - 2 hours of class time

Massachusetts Science Framework: 

· SC-8.LS.14 Energy and Living Things – Explain the roles and relationships among producers, consumers, and decomposers in the process of energy transfer in a food web.
Enduring Understandings: 

1. Energy and matter are not the same thing – but energy can be captured in matter.

2. Energy cannot be created or destroyed; it can be changed from one form to another.

3. Heat is a form of energy.

4. Energy can enter and leave a system, such as a food web.

5. The ultimate source of energy (for most ecosystems) is the sun. The ultimate fate of energy in ecosystems is for it to be lost as heat. Basic schematic of energy transformation: sunlight energy ( food (chemical) energy ( heat energy. Hence, energy is not recycled, like matter. It flows only in one direction. Below is a systems view: 

6. Energy and nutrients are passed from organism to organism through the food chain as one organism eats another. 
7. Decomposers eat the remains and waste of organisms as food.
8. All living organisms engage in metabolic processes which release heat.

9. The transfer of energy between organisms is very inefficient. When one organism eats another, only a small fraction of energy transferred remains in the organism for the next level of consumers. Most of the energy exits the food web as heat from metabolic processes by the organism itself or by decomposers that use the organism’s waste as food.
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Everyday Phenomena / Implications for the Real World: 

1. A balanced ecosystem consists of a large base of producers, which supports a relatively smaller biomass of 1st level consumers (herbivores), which in turn supports an even smaller biomass of 2nd level consumers (carnivores). This can be visualized as a pyramid.
2. In a simple food chain where humans eat cows and cows eat corn, imagine that a field of corn represents 100 units of energy. The field of corn is eaten by a cow over its lifetime. Most of the energy is released as heat through the cow’s own metabolic processes and decomposers’ metabolic processes when they eat the cow’s waste. The cow’s body only contains 10 units of food energy that can be consumed by the human. So 100 units of energy ends up as 10 units of energy for 1 human. But if humans eat corn directly, then 100 units of energy can feed 10 humans, if each gets 10 units of energy. Eating meat is a less efficient transfer of energy but has other benefits in terms of nutritional value.
Essential Questions:

1. How does energy enter the food web?

2. How does energy leave the food web?

3. Why are there so many plants compared to herbivores, and so many herbivores compared to carnivores? (i.e., a pyramid)

Assessment: 

Amy, Brian, and Chloe are discussing how energy flows through an ecosystem with the following food web:
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Amy says: As energy transfers to the top of the food web, the total amount of energy that transfers from a lower level to a higher level increases.

Brian says: As energy transfers to the top of the food web, the total amount of energy that transfers from a lower level to a higher level decreases.

Chloe says: The energy at the top of the food web is the same as the bottom of the food web.

1. Who do you agree with and why?

2. How would the ecosystem be affected if a disease killed most of the hawks and owls? Would snakes and raccoons be affected? Identify both short-term and long-term consequences.
Materials: 

· laptop computer w/ mouse
· LCD projector and screen or whiteboard

· pre and post assessments
· activity handouts
· lesson plan
· chart paper
· markers
· driver/navigator poster

	
	Teacher Do
	Teacher Say
	Notes

	Prep
	Set up projector and screen.
	
	

	Welcome
	Direct students where to sit.
	
	

	Pre-assessment
	Pass out pre-assessment sheet and pens if needed.
Ask students to collect assessment paper and the pens.
	Work by yourself. No talking.
	

	Demo
	1. Set up simulation with toggle sunlight=false and toggle heat shown=false. Run simulation. 
2. Draw a simple food chain based on students’ responses to question 1-3.
	1. Who’s in the simulation?
2. How are the agents interacting?

3. What else do you see happening?
	The food chain should look like this:
Lions

(
Rabbits

(
Plants

	Mini-lesson on how energy flows through an ecosystem.
	1. Ask Q1. Set up simulation. Open an agent monitor for a rabbit. Point out the energy variable and the current value. Click on the graph button next to the energy variable to open the graph in a separate window (see #2 on student worksheet for screenshots). 
2. Run simulation and point out that the energy value goes up and down. Also narrate what’s happening with the rabbit – running, finding food, not finding food, got eaten by lion or ran out of energy. Interpret the graph.
3. Repeat above two steps with lions. When the lion dies, ask students to interpret the energy graph – for instance, noting how many times it ate. 
4. Repeat steps 1 and 2 with plants. Note that the plants are also losing energy slowly. 
5. Ask Q3 (see note).
6. Turn on show heat spheres. Setup and run simulation. Explain that energy doesn’t get “used up” but is changed from one form to another – the orange spheres represent heat energy that leaves the food web. Point out that all three breeds change food energy to heat (even plants!)
7. In food web diagram, draw arrows (use red) out from plant, rabbit, lion, etc. and label as heat leaving the food web system. Use red to trace the arrows in the food web to show flow of energy via food (see notes for diagram example). 
8. Ask Q4. 

9. Draw arrow (use red) pointing to plant and label it “sun energy.”
10. Use green to draw box around food web (represents the boundaries of the system) and review how energy flows in and out of the system.
	1. Why does an organism need food? (energy to live – e.g., move, breathe, grow)
2. Why do the energy values go up and down?  (goes up when food is consumed; goes down when moving, reproducing, etc.) What happens when the energy gets to 0? (it dies)
3. When an organism uses energy in the food (energy value goes down), where does the energy go? (transformed into heat or chemical energy in new cells)
4. In the current simulation, why does everything die? (rabbits die when all the berries get eaten; lions die when all the rabbits die) What’s missing from this simulation? (plants are continually losing energy but not gaining new energy; so what’s missing is the sun)

	For Q3, students may not answer correctly but this question can probe for misconceptions.
Diagram with energy flow arrows:

( (heat)

Lions
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Rabbits
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Plants

( (sun energy)

	Introduce today’s activity
	
	You will investigate how energy flows in a food web and how this affects the size of populations in a balanced ecosystem.
	

	Transition to computers
	Remind students about navigator and driver roles.
	
	

	Wrap Up
	Ask Q1 and Q2 as a review/assessment.

Open the total energy graph in a separate window and setup/run the simulation for a while. Explain that this graph shows the total energy of producers, herbivores, and carnivores, respectively. Ask Q3-4.

Draw a pyramid like the following:
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Ask Q5-6. The goal is to help students understand that the population pyramid is a reflection of the energy pyramid. The reason for fewer and fewer consumers at the top is due to how little energy is transferred to the next level because so much exits the system as heat. It may be worth mentioning that decomposers eat everything in this system as food, which also accounts for a lot of energy leaving the system as heat generated by the decomposers’ metabolic processes.

	In the simulation, 500 plants supported 70 rabbits, which supported 5 lions.  

1. How is energy getting into the system?

2. How is the energy transferred up through the food chain?

3. Why isn’t 100% of the energy transferred to the next level? (not all food is eaten, energy is continually leaving the system as heat)

4. Is there more, less, or the same energy at the top of the food chain compared to the bottom?

5. Why do you need so many hundreds of producers to support just 55 consumers? (energy is always leaving the system so only a fraction remains available in the food for the next higher level of consumers)
6. If I want to increase the lion population from 5 to 6, how many rabbits would I need to add? How many plants would I need to add?
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